Abstract
Introduction
In the world of agriculture, the collaboration of computing and networking technologiesare yielding motivating outcomes by hand outing dynamic results in terms of improved quality and productivity plus the decision support ability. Due to participation of divergent technologies in case of crop production management involves main resourcelike water also getting possible.Modern technologies concepts on computing side like Ubiquitous, Pervasive and Context-aware computing etc.and on networking side like Wireless sensor Networks (WSN), Mobile etc. Moreover this collaboration of computing technologies with sensor networks isprofiting the crop production in numerous ways.
The paper takes off with context aware computing area on computing side by extending the discussion with the vision of Internet of things (IoT) with context awareness in this section. Context awareness stands as a key characteristic of ubiquitous and pervasive computing systems since 1990's. The context aware computing has gained popularity in 1991 with the initiation of 'ubiquitous computing' coined by Mark Weiser [15] in his revolutionary paper. Firstly this term was used by [2] in 1994. Many definitions were proposed by researchers but the today's broadlywell agreed definition of "context" and "context-awareness" was proposed in 1991 by [1] . The context aware computing has become center of attraction from desktop applications, web applications, mobile applications, ubiquitous or pervasive computing to IoT(Internet of Things).
_________________________
During the last two decades, researchers and engineers have developed a significant amount of prototypes, systems, and solutions using context-aware computing techniques. Even though the focus varied depending on each project, one aspect remained fairly unchanged: that is the number of data sources (e.g. software and hardware sources). For example, most of the proposed solutions collect data from a limited number of physical (hardware) and virtual (software) sensors. In these situations, collecting and analyzing sensor data from all the sources is possible and feasible due to limited numbers. In contrast, IoT envisions an era where billions of sensors are connected to the Internet, which means it is not feasible to process all the data collected by those sensors. Therefore, context-awareness will play a critical role in deciding what data needs to be processed and much more [16] .
The term Internet of Things (IoT) has been a developing more rapidly in current years and gained significant attention in academic and computing areas during last decade. IoT offers much more facilities as compared to other networking approaches like wired/wireless, LAN, Ethernet etc. hence it has become the main reason of research interest in current computing era. IoT promises a world where all the smart objects around us are connected to each other and spontaneously communicate with each other with the minimum human intervention. Ultimately the goal of IoT is to create a better world for the human beings. IoT is the new and emerging model in the computing which spontaneously links physical and virtual smart objects. IoT has high volume contextual information which enables context-aware smart applications. This virtual smart object provides realtime services, both cheaply and non-intrusively. The depravity and dynamicity of contextual data in IoT does not has guarantee about the traditional assumption of availability of the annotated training data prior to the classification for the classical machine learning algorithm which is used for context modeling, necessitating selflearning in the smart application. This paper proposed architecture of Crop Production Context Aware Framework using IoT based on context awareness workflow, IoT sensor networks, Middleware, data semantics, enterprise lifecycle approach (ELA) and cloud computing along with the advantages of each integrated technology and how they helped in enhancement of the presented architecture.
Related Work and Motivation

Context Fundamentals:
"Context is any information that can be used to characterize the situation of an entity. An entity is a person, place, or object that is considered relevant to the interaction between a user and an application, including the user and applications themselves" [1] . In addition, [2] has explained the distinction between raw data and context information as follows:
1. Raw (Sensor) Data: Is unprocessed and retrieved directly from the data source, such as sensors.
Context information:
Is generated by processing raw sensor data. Further, it is checked for consistency and meta data is added.
Context-Awareness:
The contextawarenessterm was first coined by [2] in 1994. Later, it was defined by [17] . Either cases focus was on computer applications and systems. As present in [1] , both definitions are too particular and cannot be used to recognize whether a given system is a context-aware system or not. Therefore, the term context-awareness as follows:
"A system is context-aware if it uses context to provide relevantinformation and/or services to the user, where relevancydepends on the user's task. [ 
If we consider a system, by using this definition we can easily identify whether this system is a context-aware system or not. Context awareness frameworks typically should support acquisition, representation, delivery, and reaction [4] . Additionally, there are three main strategies: No application-level context model, implicit context model and explicit context model, whichone can follow to develop context aware applications [5] . Context management and application are clearly separated and can be developed and extend independently. In late 1980's, a period of Context-aware computing starts. Now-a-days, researchers have done research to beat requirements and new challenges found in contextaware system. Due to advanced sensor technology, sensors are growing strong, cheap and small in size. In present world, a huge number of sensors are generating massive amount of data -big data). The data becomes invaluable unless the collected data gets analyzed, interpreted and understandable. Context-aware computing plays main role in addressing the challenges like mobile and pervasive, which are successful in the IoT too. Contextaware computing allows us to store the context information which linked to sensor data, so interpretation can be done more easily, meaningfully and also context makes it easier to perform machine-to-machine communication as it is core element in the IoT environment [3] . Context-aware systemhas been defined by many researchers whereas the definition of context-aware provided by [1] is "A system is context-aware if it uses context to provide relevant information and/or services to the user, where relevancy depends on the user's task."
Context Model and Context
Attribute: "A context model identifies a concrete subset of the context that is realistically attainable from sensors, applications and users and able to be exploited in the execution of the task. The context model that is employed by a given context-aware application is usually explicitly specified by the application developer, but may evolve over time [7] ." "A context attribute is an element of the context model describing the context. A context attribute has an identifier, a type and a value, and optionally a collection of properties describing specific characteristics [7] ."
Quality of Context (QOC):
In [6] , a survey on QoC is presented. QoC is defined using a set of parameters that expresses the quality of requirements and properties of the context data. After evaluating a number of different parameter proposals in the literature, [6] have defined QoC based on three parameters: context data validity, context data precision, and context data up-to-datedness. QoC are being used to resolve context data conflicts. Further, they state that QoC is depend on quality of the physical sensor, quality of the context data, and quality of the delivery process.
Context Features, Types and Categorization Schemes:
From [9] and [18] , [1] haverecognized three features that a context-aware application can support: presentation, execution, and tagging. Even though, the IoT vision was not known at the time these features are identified, they are highly applicable to the IoT paradigm as well. In [16] ,the above features elaborate from an IoT perspective as following:
Presentation: Context can be used to decide what information and services need to be presented to the user. Let us consider a smart [8] environment scenario. When a user enters a supermarket and takes their smart phone out, what they want to see is their shopping list. Context-aware mobile applications need to connect to kitchen appliances such as a smart refrigerator [10] in the home to retrieve the shopping list and present it to the user. This provides the idea of presenting information based on context such as location, time, etc. By definition, IoT promises to provide any service anytime, anyplace, with anything and anyone, ideally using any path/network.
Execution: Automatic execution of services is also a critical feature in the IoT paradigm.
Let us consider a smart home [8] environment. When a user starts driving home from their office, the IoT application employed in the house should switch on the air condition system and switch on the coffee machine to be ready to use by the time the user steps into their house. These actions need to be taken automatically based on the context. Machineto-machine communication is a significant part of the IoT.
Tagging:
In the IoT paradigm, there will be a large number of sensors attached to everyday objects. These objects will produce large volumes of sensor data that has to be collected, analyzed, fused and interpreted [1] . Sensor data produced by a single sensor will not provide the necessary information that can be used to fully understand the situation. Therefore, sensor data collected through multiple sensors needs to be fused together. In order to accomplish the sensor data fusion task, context needs to be collected. Context needs to be tagged together with the sensor data to be processed and understood later. Context annotation plays a significant role in context-aware computing research. We also call this tagging operation as annotation as well.
In [1] , it introduces context types as primary and secondary. They identified location, identity, time, and activity as the primary context types. And secondary context type is the context that can be found utilizing primary context. For example, given primary context such as a person's identity, one can obtainso much related information such as phone numbers, addresses, email addresses, etc. However, one cannot find the type of a given context using this definition. Let us consider two GPS sensors located in two different locations. One can retrieve GPS values to identify the position of each sensor. However, we can only find the distance between the two sensors by performing calculations based on the raw values generated by the two sensors. The question is, 'what is the category that distance belongs to?' 'Is it primary or secondary?' The distance is not just a value that sensed. The distance is computed by fusing two pieces of context. The above definition does not represent this accurately.
Thus, [16] defines a context categorization scheme (i.e., primary and secondary) that can be used to classify a given data value (e.g., single data item such as current time) of context in terms of an operational perspective (i.e., how the data was acquired). However, the same data value can be considered as primary context in one scenario and secondary context in another. For example, if the blood pressure level of a patient collected directly from a sensor attached to the patient, it could be identified as primary context. However, if the same information retrieved from a patient's health record by connecting to the hospital database, it is secondary context. Therefore, the same information can be acquired using different techniques. It is important to understand that the quality, validity, accuracy, cost and effort of acquisition, etc., may vary significantly based on the techniques used. This would be more challenging in the IoT paradigm, because there would be a large amount of data sources that can be used to retrieve the same data value. To decide which source and technique to use would be a difficult task. There are many different types of context categories which model context in different perspectives. Therefore, in the IoT it is important to store different types of context as they can help in a variety of situations. They also stress the requirement of having domain specific and domain independent ontologies. In addition, a similar type of context information can be classified as both primary and secondary. For example, location can be raw GPS data values or the name of the location (e.g., city, road, and restaurant). Therefore, identifying a location as primary context without examining how the data has been collected is fairly inaccurate.
The secondary context can be computed by using sensor data fusion operations or data retrieval operations such as web service calls (e.g., identify the distance between two sensors by applying sensor data fusion operations on two raw GPS sensor values). Further, retrieved context such as phone numbers, addresses, email addresses, birthdays, and list of friends from a contact information provider based on a personal identity as the primary context can also be identified as secondary context.
Context Awareness Levels and Characteristics:
Based on the user interaction, [12] has identified three levels of Context awareness. a. Personalization: It allows the users to set their preferences, likes, and expectation to the system manually. b. Passive context-awareness: The system constantly monitors the environment and offers the appropriate options to the users so they can take actions. c. Active context-awareness: The system continuously and autonomously monitors the situation and acts autonomously. Eight characteristics of context are identified by [11] : Context is sensed though sensors or sensor networks,is sensed by small and constrained devices, originates from distributed sources, is continuously changing, comes from mobile objects, has a temporal character, has a spatial character,is imperfect and uncertain.
Design Principles of Context Awareness Management
The basic principles behind underlying the context management service design requirements and implementation introduced by [13] . In [16] , they summarize the findings them with brief explanations. Only the most important design aspects are considered such as Architecture layers and components, Scalability and extensibility, Application programming interface (API), Debugging mechanisms and tools [14] , Automatic context life cycle management, Context model in-dependency, Extended, rich, and comprehensive modeling, Multi-model reasoning, Mobility support, Share information (real-time and historic), Resource optimization and Monitoring and detect event.
Context Life Cycle
A data life cycle gives idea about how data moves from state to state in software systems.It also provides information, where the data is generated and where the data is consumed. This section is regarding movement of context in context-aware systems. Context-awareness has already become a service, not restricted to applications like desktop, web, or mobile: Context-as-a-Service (CXaaS). In other words, context management has become important in software systems. This drift will continue in the IoT model. The web-based context management services (WCXMS) provides context information management across the context's life cycle. Data life cycle is classified into two categories in [19] . We have analyzed and tabulated 8 popular handy accessible data life cycles in Table 1  and Table 2 below. In the following tables, these dots (....) denote reconnecting to the first phase by completing the cycle. Additionally to life cycles, [16] identified four phases in a typical context management. Context life cycle consists of four phases as shown in following Figure 1 . In first phase, context needs to be acquired from the various sources for example virtual sensors or physical sensors: context acquisition. In second phase, the collected data is modelled and represented in meaningful manner: context modelling. Third, needs to process the given modelled data to derive high-level context information from low-level sensor data: context reasoning. Finally, both the low-level and high-level context needs to be distributed to the consumers who are interested in context: context dissemination. These four steps are essential in context management systems and middleware solutions. So it is actually a cyclic yet dynamic process which provides required information to the users as per the demand. 
Context Aware Systems Applications
Context-aware applications observe at the user context of who's, when's, where's and what's of entities and use this information to observe why the situation is happening. An application doesn't really figure out why a situation is happening, but the application designer does. There has been a vast literature accessible on context-aware computing. In 2000, [26] 
Context Aware Systems
The Context, context-awareness and features of context-aware applications are defined. But where do these contextual data come from? In Figure 2 , they introduced provisioning but no sources or possibilities to gather them. Roles Context-aware systems are mostly organized by more than one entity. Single devices have a limited input of data (built-in sensors). In addition, data have to be sensed, refined, compared, evaluated, processed, modeled, stored and disseminated frequently. Simple portable devices maybe have the computing power to do that, but not the capacity (e.g., battery) to do that all day long. A division of work allows the realization of context-aware systems. The roles will be allocated to the involved gadgets and describe the process of trade or exchange [1] . 
IoT (Internet of Things)
Sensor network is the most necessary component of the IoT. A sensor network contains one or more sensor nodes which allow them to communicate each other by using wired/wireless technologies. Sensors can be homogeneous or heterogeneous. Multiple sensor networks can be connected together through different technologies and protocols. One such approach is through the Internet. A typical sensor network layers and components are framed in below Figure 3 .
Data is generated by the sensor nodes at sensor network. Then, data is collected by mobile and static sink nodes. These sink nodes sends the data to computational devices that contain low-end computational devices like mobile phones where specific amounts of processing perform on the sensor data. Later, the data is sent to high-end computational devices like computers for further processing. At last, data reaches the cloud where it will be shared, stored, and processed significantly. These layers are identified based on the devices capabilities, we have identifies four layers. In IoT, this layered architecture may have additional number of sub layers as it is expected to comprise large variety of sensing capabilities. Information can be processed in any layer [16] .
Figure 3. Layered Structure of a Sensor Network
In previous sections we had discussed about both IoT and sensor network. In this section considers the relationship between them. Previously, [16] argued that sensor networks are the most essential components of the IoT. The IoT comprise of sensors and actuators. The data is collected using sensors. Then, it is processed and decisions are made. Finally, actuators perform the decided actions. Further, integration between wireless sensor networks and the IoT are comprehensively discussed in [33] .The difference between sensor networks and the IoT is largely unexplored and blurred. We can elaborate some of the characteristics of both sensor networks and IoT to identify the differences.
Workflow and Challenges of Context-Aware Applications
To create a context aware application, following the workflow has vital part of all other things in line. The workflow steps are listed below [34-37]:
1. Sensors plays critical role to determine context. There are 2 types of sensors such as built-in and external were tabulated well in [38] , along with functions, related application and advantages related to ubiquitous agriculture. 2. There is no need of all raw sensor data in determining the context. This step also called as Sensor Aggregation. 3. The actual goal is to aggregate sensor data quickly and efficiently by sending the data to non-relational data store. 4. Data store analysis to determine one or more recognized contexts such as single matches, combined matches, learned matches and timing. 5. Using Triggers for monitoring change in context. 6. Usage of certain triggers to invoke functions. Functions take actions based on triggers. Invoke an action may or may not involve some user input. 7. Interact with user to notify them of any action and/or provide feedback such as user notifications, interaction/confirmations etc.
In [34] , they also discussed types of context aware applications as two, Adaptive and Proactive. To be an adaptive, application has act on behalf of the user, tries to adapt to the user's context, often based using single-trigger and need to be careful in building its UI, especially hiding/showing features. To be Proactive, application have to involve the user, often tied to a recommendation engine, often requires user-interaction, often uses multiple triggers ,UI needs to be unobtrusive and easy to dismiss.
One of the key challenges faced by any designer wishing to implement context-aware behavior is that of maintaining predictability and the term is "the awareness mismatch" or "context mismatch" [37] . In [16] , they have discussed six unique challenges by evaluating fifty context-aware projects in the IoT perspective where novel techniques and solution may need to be employed as: Automated configuration of sensors; Context discovery; Acquisition, modelling, reasoning, and distribution; Selection of sensors in sensing-as-aservice model; Security, privacy, and trust and Context Sharing.
. Architecture of Crop Production Context Aware Framework using Internet of Things (IoT)
Architecture of crop production context aware enterprise application Framework using IOT (Internet of Things) is shown in Figure 4 . Architecture differs broadly from one solution to another and can be grouped into different categories based on different perspectives. Therefore, there is no common classification scheme that can be used for all situations. We consider the most significant architectural characteristics to classify the solution. Different architectural styles are numbered as follows: Component based, Distributed architecture, Service based architecture, Node based architecture, Centralised architecture and Client-server architecture.
In the IoT paradigm, context management needs middleware solutions which can supply additional functionality in the direction of managing data. Applications should be able to be built on top of the middleware so they can request context from the middleware [16] . There are several other technologies that can provide access to sensor hardware, such as wireless ad-hoc networks. Anyhow, they are not scalable and cannot accommodate the needs of the IoT individually [39] , though they can complement the IoT infrastructure. As is clearly depicted in Figure 4 , sensor networks are a part of the IoT but the IoT is not a part of sensor networks.
This presented architecture is a integration of context awareness workflow, IoT sensor networks, middleware, data semantics and enterprise lifecycle approach (ELA). As the ELA is well-known, robust and context aimed based on general industry data management and much more popular then context lifecycle approach (CLA). Plus data semantics will add certain good advantages to the proposed system such as reduce ambiguity, enrichment, and contextualization. Furthermore, the cloud computing offers significant amounts of processing and storage capabilities. With the three services models, Infrastructure-as-a-Service (IaaS), Platform-as-a-Service (PaaS), and Software-as-aService (SaaS), context management can largely benefit from cloud computing in many ways in the IoT paradigm. In addition, cloud resources can be used to add value to data and to store large volumes of context where significant amounts of processing power and storage are required. The cloud brings added scalability to context management in the IoT. Further, interoperability among different IoT solution can be achieved by following approaches such as CDA [40] . At last, the external services addition to the middleware enhances the proposed system. Context information plays a critical in data matching where sensors can be considered as entities in the sensing as a service model [41] .
Conclusion
The IoT has gained noteworthy popularity and awareness in current technological world recently. Because of improvements in sensor hardware area and low-cost materials, the things surround us are anticipated to be attached with sensors, so that they can communicate with each other without human involvement. The IoT's main challenge would be the knowledge about sensor data. In this paper, we have discussed about context awareness related work such as and we have proposed Crop Production Context Aware Enterprise Application Framework which is based on IoT Paradigm comprises of context awareness workflow, IoT sensor networks, middleware, data semantics, enterprise lifecycle approach (ELA) and cloud computing along with the advantages of each integrated technology and how they helped in enhancement of the presented architecture. This paper final goal is to study basics that help us to understand the concept of context aware system, architectural requirements to propose an architecture and also for an efficient future work.
